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at is Dark Matter? Particle interpretation:
nknown) elementary particles that interact only weakly

al” matter
adidates: Axion - also addresses a strong CP problem in QCD
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The requirement that v color gauge theory of
strong interactions with S inalyzed, Several pos-

sibilities are identified, including one which would é‘ive a remarkable new kind of very
light, leng-lived pseudoscalar boson,
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JLAB FEL: Used for LIPSS experiment
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More info on JLAB FEL

Injector

Superconducting rf linac

UV wiggler
Jefferson Lab FEL Output Light Parameters

IR Branch UV Branch

Wavelength range (microns) 1.5-14 0.25-1
Bunch Length (FWHM psec) 0.2-2 0.2-2
Laser energy / pulse (microJoulesJ) 100-300 25
Laser power (kW) > 10 > 1

Repetition Rate (cw operation, MHz) 47-75 47-75

Jefferson Lab FEL Electron Beam Parameters

Energy (MeV) 80-200 200

Charge per bunch (pC) 135 135

Average current (mA) 10 5
Peak Current (A) 270 270
Beam Power (kW) 2000 1000
Energy Spread (%) 0.50% 0.13%
Normalized emittance (mm-mrad) <30 <11

Induced energy spread (full) 10% 5%




LIPSS experiment schematic
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LIPSS Result on Axion-Like Particle

AA et al (LIPSS Collab), Phys Rev Lett 101, 120401 (2008)
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New Cons’rraln’r on Photon Paraphoton
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RRoton-Paraphoton Mixing
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os at the GeV-scale
h, 2009
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ics: PAMELA, Fermi, ATIC, HESS,
WMAP, Planck...

1SS, CDMS, XENON,
ASS, DRIFT, ArDM,
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iativating Dark Forces

gnomalies can be explained by the
oW, dark force

dark force at ~ GeV

tion for INTEGRAL
or PAMELA/Fermi




Searching for Dark Forces in
Electron Scattering Experiments

on Fixed Targets
or, Phys.Rev.D80:075018,2009

® Dark gauge boson A" mixing with photon, Fixed-Target
Mass ma- =1 MeV —few GeV A
N ) E4 : :pw_w Eh @
€ ¥ A" e A‘f _
€ € = oo e El (_l — ;1?)

® This vertex allows A” production in any
charged-particle scattering.

® Assume A’ decays (only) through photon mixing,
1.e. to e*e-, ytu-, W, etc. depending on mass
et ~ (mye?)™! m




CEBAF Accelerator

. Re-circulating linac design
. Up to 5 pass, 0.3 to 1.2 GeV per
pass.

. 6.0 GeV max beam energy
. 100% duty cycle

.2Ns microstructure
. AEJE < 1-10* (Halls A & C)
. Beam polarization up to 85%

80 uA max current
BAF energy will be doubled to
after 2012




straints on mass vs coupling for A’

BIORKEN er al. PHY SICAL REVIEW D 80, 075018 (2009)
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FIG. 1 (color online). Lefi: Existing constraints on an A'. Shown are constraints from electron and muon anomalous magnetic
moment measurements, a, and a o the BABAR search for Y(35) — yue " ™, three beam-dump experiments, E137, E141, and E774,
and supernova cooling ( SN). These constraints are discussed further in Sec. 111, Righr: Existing constraints are shown in gray, while the
various lines—Ilight green (upper) solid, red short-dashed, purple dotted, blue long-dashed, and dark green (lower) solid—show
estimates of the regions that can be explored with the experimental scenanos discussed in Secs. IVA, IVEB, IVC, IVD, and IV L,
respectively. The discussion in Sec. IV focuses on the five points labeled “A” through “E.” The orange stripe denotes the **D-term”
region introduced in Sec. IT A, in which simple models of dark matter interacting with the A' can explain the annual modulation signal

reported by DAMA/LIBRA. Along the thin black line, the A" proper lifetime ¢r = 80 pum, which is approximately the 7 proper
lifetime—see Eq. (11).




Searching in Dumps

Slide from N.Toro

0.01 0.1 1

H0.01
shield decay volume
(10 cm - 100 m) (50 cm - 100 m)
e beam
# ST PU N [ BRI D
1 /
thick target tracking, calorimetry, ...

41078

1Y

_7 MegaWatt x Year

10 lower limat

m—ﬁ
-7
10 I pun |
1078 "
001 0.1 1
mA'/GeV

*ET774: 20cm, .3 mC

(dump experiments also constrain
longer-lived decay modes,
see Schuster, NT, Yavin to appear)




B@am Dump Experiments

out: SLAC E137, Bjorken et al, PRD38, 3375 (1988)

*Dumped ~30 Coulomb of 20-GeV electrons
*New scenario and reach analyzed in BEST
(contours indicate sensitivity for 0.1-0.3C at
electron energies

10cm 10cm ~30 cm decay
target _shield volume

A
% trac!(lng ecaltrigger
20+ :‘f/"’ stations
E-56 BLACK HOLE™
oy D
- a5
z %
5
& \ Vi
o 9 2N DETECTOR /
: PEP ACCESS |||
5% 3 ROAD .
BEAM DUMF EAST PEP,?
0 L L i 1 L i N | 1 L i i 1 1 1 1
4] 100 200 300 400

DISTANCE (m)




Biscoming JLAB experiments (in
pReparation)

|, Bjorken et al (Hall A); JLAB Proposal
n underway June-July 2010)

grkley, MIT, JLAB): (LOI 10-006):
AB FEL beam

Aa et al (Hall B photon

0s: Hall A/C, FEL)
DESY)




Search for a New Vector Boson A’ Decaying to e¢7e™

Baweriment JLAB E-10-009

of planned experiment, see Essig et al, arXiv:1001.2557

:ﬁj\ﬁ js produced in electron scattering on a fixed target with
ge Z, its decay into e+e- pairs is searched for (upper plot);
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Workshop

SEARCHING FOR A NEW GAUGE BO5SON AT ILAB

Experimental search for a dark force carrier at GeV scales

Jeffersan Lab | 5

September 20-2, 2010
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Newport News, VA, USS
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The workshop will be held at
Jefferson Lab later this year
(September 20-21, 2010)

Purpose: Planning
experiments to search for a
new gauge boson at MeV-
GeV scales

> Additional theoretical
motivation is not needed at this
stage (1)
Focused on experimental
techniques, equipment and
priorities in scheduling




Electrodynamics of Dark Matter

(ayay, Carlson, in preparation)

2ring, polarizability of WIMPS

ystrophysical distances




BDiscovery potential of fixed-
ii@iget experiments

experiments well suited to search for
S E NI
gace requires multiple search

Np experiments
le-angle spectrometers

d-geometry




orved astrophysics anomalies
eted in terms of Dark-
at ~TeV scale and force-

eV-GeV scale




